The aim of this study was to evaluate the use of flaxseed in animals subjected to ethanol-induced hepatotoxicity. Twenty-four male rats were divided into four groups (n = 6): control group (CG) which received a control diet and water ad libitum; flaxseed group (FG) which received control diet with an addition of 25% flaxseed flour and water ad libitum; ethanol control group (ECG) which received control diet and a solution of 10% ethanol (v/v) as the only liquid source; and ethanol flaxseed group (EFG) which received control diet with an addition of 25% flaxseed flour and a solution of 10% ethanol (v/v) as the only liquid source. The animals were euthanized at 60 days, when blood was collected for biochemical analysis and liver was collected for histomorphometric analysis. Rats fed with diets containing flaxseed showed lower values of alkaline phosphatase (P = 0.020) and lower concentration of total bilirubin (P = 0.006), direct bilirubin (P = 0.013) and indirect bilirubin (P = 0.018) compared to ECG and EFG. The groups receiving flaxseed diets demonstrated higher expression of superoxide dismutase (SOD) enzyme (P < 0.001) than CG and ECG but did not affect thiobarbituric acid (TBARS) expression (P = 0.055). Regarding liver analysis, the ECG and EFG showed larger hepatocyte nuclei and paler cytoplasm than the groups who had not received ethanol, and less in fluid accumulation (oedema) in the cytoplasm than was seen in the FG and EFG livers. These latter two groups showed fewer fatty cells than was seen in the groups that had not been given flaxseed, so that the diagnosis of hepatic steatosis was not justified. In conclusion, therefore, this study showed that the indicators of ethanol chronic consumption can be reduced by the introduction of continuous flaxseed dietary intake.
| INTRODUCTION
For many years there have been increasing international concerns about the effects of food and its constituents on health. Several diseases have been linked directly to consumption of particular foods, and many research studies have shown that higher (or lower) intake of certain foods can prevent or treat diseases. 1 Faced with widespread exposure the media concerning alternative treatments for chronic diseases and the consumer interest in more balanced diets, the food industry is investing in the development of natural foods that have documented functional properties. Flaxseed, a small ovalshaped seed which has been shown to have nutritional value, 2 is an example of such foods.
The interest in this seed is justified by its potential health benefit, specifically as an anticarcinogenic and anti-atherogenic agent. 3, 4 This has been associated with its high content of lignans, specifically secoisolariciresinol diglycoside (SDG), a phytoestrogen that has a chemical structure very similar to that of an oestrogen molecule 5 (52.7 mg/100 g of seed flour) when in its diglycoside form. This is what makes flaxseed the most widely known plant source of this lignan. 6, 7 Another component associated with the beneficial effects of this seed is the polyunsaturated fatty acid omega-3 (n-3), which corresponds to more than 50% of the total fats present in flaxseed. 8, 9 The interest on this fatty acid is due to its capacity to prevent chronic diseases including cancers in general and several forms of inflammatory liver diseases. 10 This is because of its anti-inflammatory properties, mediated by the production of eicosanoids, as well as by its hypolipidemic properties, which are associated with a reduction of the lipid biosynthesis by acetyl Co-A and reduction in verylow-density lipoprotein cholesterol (VLDL-C) synthesis.
11
High concentrations of phytoestrogens and n-3 fatty acid make flaxseed a powerful anti-oxidant agent that could be used to prevent cancers in general. Rajesha et al, 12 have
suggested that several anti-oxidants, including SDG, act as protective agents against lipid peroxidation and inflammation due to release of reactive oxygen species in the liver and kidney. This in turn may influence the evolution of some forms of chronic injury associated with some forms of cancer, particularly in the liver. Chronic liver injuries may be related in general to an exacerbated deposition of fat in the liver, lipid cellular peroxidation, drug intoxication, alcoholism, and virus action, all of which contribute to chronic inflammation in liver tissue. 13 Alcoholism on its own has negative effects on the liver, in addition it's additive effect and to it's compromising effect on the function of various cells and tissues.
14 Based upon the known pathological consequences of alcohol chronic consumption, which are multifactorial and multisystemic, and upon the scarcity of studies which relate to flaxseed and its functional properties with regard to liver injury prevention, this study aimed to evaluate the influence on flaxseed on various biochemical and histological parameters associated with liver damage caused by chronic ethanol consumption.
| MATERIAL AND METHODS

| Ethical approval
This study was approved by the Ethics Committee for Animal Research of the Fluminense Federal University, Niteroi, Rio de Janeiro, Brazil, under the protocol n. 00173/2012. All procedures followed the norms of the National Research Council (US) 15 Institute for Laboratory Animal Research.
| Experimental design
In a biological assay of 60 days, 24 male Wistar rats (Rattus norvegicus, Albinus variety, Rodentia mammalia order, Muridae family) were used, recently weaned from the colony of the Laboratory of Experimental Nutrition, Department of Nutrition and Dietetics, Faculty of Nutrition, Fluminense Federal University (LabNE/UFF). During the biological assay, the animals were kept in polypropylene cages with constant temperature (21 ± 2°C) and controlled light-dark cycle (12/12 h).
After weaning, at 21 days old, animals were randomly selected and divided into four groups (n = 6): control group (CG) which received control diet and water ad libitum; flaxseed group (FG) which received control diet with an addition of 25% flaxseed flour and water ad libitum; ethanol control group (ECG) which received control diet and a solution of 10% ethanol (v/v) as the only liquid source; and ethanol flaxseed group (EFG) which received control diet with an addition of 25% flaxseed flour and a solution of 10% ethanol (v/v) as the only liquid source.
Mixtures of minerals and vitamins were added to all diets, according to recommendations of the American Institute of Nutrition (AIN-93M). 16 The diets offered to the FG and EFG had a concentration of 25% of flaxseed flour that aimed to meet the recommended fibre intake. Moreover, this amount of flaxseed flour supplies lipid requirements of the animals and provides a diet with a high content of ALA and low LA, whereas the addition of soya oil in the control diet provides an inverse proportion. The experimental diets were prepared at the LabNE/UFF. The composition can be seen in Table 1 . The percentage of ethanol used resembles that described by Aguiar et al 14 who, in their experiment, used this amount to establish liver damage to their animals, as evidenced by the findings published in their work.
| Evaluation of nutritional status
Body weight (BW) and food consumption were recorded three times during the week. The supply and rest of the ethanol solution of each animal were measured to obtain ethanol intake.
| Biochemical determinations
At the end of the experiment, the rats received a lethal dose of Thiopentax (sodium thiopental 1 g, Cristália
Produtos Químicos Farmacêuticos Ltda®, Rio de Janeiro, Brazil) at a 5% rating (0.15 mL/100 g of BW) by intraperitoneal injection. Blood was collect by cardiac puncture, and samples were stored in sterile tubes. The tubes containing blood samples were centrifuged (Sigma® centrifuge Osterode am Harz, Germany) for 15 minutes at 3.500 g to collect serum which was stored in a −20°C freezer. Values of aspartate aminotransferase (AST), alanine aminotransferase (ALT), total protein (TP), albumin (ALB), lipase (LIP), amylase (AMI), bilirubin (total-TB, direct-DB and indirect-IB) and alkaline phosphatase were quantified as well as the values of total cholesterol (TC), highdensity lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and triglycerides (TGL) were determined. All measurements were spectrophotometrically performed using BIOCLIN Kinetic Kits (Indústria Quibasa-Química Básica® Ltda/Belo Horizonte-MG, Brasil) in LabNE/UFF.
To determine flaxseed influence on liver injury, serum interleukin-6 values (IL-6) were quantified. This cytokine was measured by Enzyme-linked Immunosorbent Assay Kit (USCN, Wuhan USCN Business Co. Ltd., Houston, USA) specific for rats (Rat Interleukin-6), with a detectable minimum of 6.3 pg/mL.
The antioxidant effect of flaxseed was determined by the expression of superoxide dismutase enzyme (SOD). This enzyme activity is defined by the ability to inhibit a detection system that reacts with O 2 , transforming it into H 2 O 2 . This reaction inhibition was read spectrophotometrically (Jamef®) at 480 nm (Spectrophotometer Biospectro SP 220, Curitiba, Paraná, Brazil). The lipid peroxidation analysis was made by aldehyde quantification formed by hydroperoxide degradation, using thiobarbituric acid (TBARS) as reagent. 17 
| Histopathological analysis of the liver
After euthanasia of the animals, the livers were removed, dried on filter paper and weighed. Afterwards, a significant fragment (about 6.0 cm 2 ) from the right and left lobes were fixed in a 10% formalin (formalin Millonnig) over a period of 24 hours and were processed with a standard technique for paraffin inclusion. After the inclusion step, the material was sectioned into 5 μm (micrometer) thick slices and stained with haematoxylin and eosin (H&E) and Sudan Black, which was used to quantify liver fat. The percentage liver fat was calculated as a ratio of the fat vesicles number divided by the area of parenchyma evaluated in 20 microscope fields. 18 The cellular alterations found in this material were evaluated by an anatomic pathologist doctor, read in an optical microscope (BX51 Olympus Microscope, Shinjuku, Tokyo, Japan) (H&E Stain 200x®), observing the presence of steatosis, fibrosis, hepatitis, cirrhosis or hepatocarcinogenesis.
| Statistical analysis
The data were presented as mean ± SD. Nonparametric variance analysis test of Kruskal-Wallis and the post hoc U test of Mann-Whitney were used for comparing data two by two using S-PLUS software, version 6.0, with a significance level of P < 0.05.
| RESULTS
| Evolution of body weight and food intake
At 60 days of age, ECG, FG and EFG groups showed similar variation in average BW compared to CG. It was observed that the FG has obtained higher food consumption (P < 0.001) than the other groups; however, the animals from the ECG and EFG were similar in food consumption compared with the CG (Table 2) .
As described in Table 2 , it is important to note that among the groups that consumed ethanol as the only liquid source, the EFG showed higher ethanol (mL and mL/d) consumption (P < 0.001) than the ECG. 
| Biochemical profile
By analysing biochemical parameters of the animals described in Table 3 , it was noted that after 60 days of experiment, the values of alkaline phosphatase (ALP) from FG were lower than other groups (P = 0.020). The FG showed up to 43% less ALP than the ECG, that suffered hepatic injury and did not receive flaxseed supplementation. On the other hand, the values of total bilirubin (TB), direct bilirubin (DB) and indirect bilirubin (IB) of FG were lower than ECG and EFG (P = 0.006, P = 0.013 and P = 0.018; respectively).
Regarding the values of HDL-C, flaxseed-supplemented groups had superior values compared to CG and ECG (P = 0.032). It was observed that total cholesterol (P = 0.137) and LDL-C (P = 0.266) of FG did not present any difference when compared to CG. However, the concentration of triglyceride was lower in FG in comparison with the others (P = 0.029) ( Table 3) .
Similarly, groups that received flaxseed (FG and EFG) showed lower IL-6 values compared to CG and ECG (P = 0.017) ( Table 3 ).
| Antioxidant potential and lipid peroxidation
The potential role of flaxseed was examine using SOD enzyme quantification (Table 4 ). The groups receiving T A B L E 3 Effects of the diets on the biochemical parameters of the animals at 60 days flaxseed supplementation showed higher levels values which were statistically significant compared to the other groups (P < 0.001), demonstrating its anti-oxidant potential, which reflects the oxidative stress situations, as occurred in this experiment, in which the animals of ECG and EFG suffered liver injury due to ethanol chronic consumption. Assessing TBARS values which are also shown in Table 4 , the groups given flaxseed were numerically higher than those seen in the others groups (P = 0.055).
| Liver analysis
Concerning the morphology at 60 days, the animals that were subjected to liver injury with ethanol showed large hepatocytes nuclei and pale cytoplasm, with hydropic degeneration, which appeared less intense in the EFG group suggesting an action of this seed on the prior installation of a necrotic process (Figure 1 ).
To study the flaxseed influence on steatosis, Sudan Black dye was used. In Figure 2 , the flaxseed-supplemented groups showed fewer fatty cells compared to the others indicating that, even in situations of liver injury the flaxseed was effective. (CG-3.16%; ECG-6.53%; FG-0.42% and EFG-1.63%).
| DISCUSSION
In this study we assessed the influence of flaxseed on animals submitted to hepatic injury induced by ethanol. Regarding food intake, we observed that food intake of the FG was higher than the other groups. The groups CG, ECG and EFG showed similar food intake. This contrasts with Brant et al 19 and Leite et al 20 who observed lower intake in the flaxseed flour group. When we observed animal growth, among the groups that consumed ethanol as the only liquid source, the EFG showed higher ethanol consumption than the ECG. The FG consumed more ration than the other groups, and which was not reflected in weight variation, which was similar among groups. Although EFG shown increased ethanol consumption, it is important to highlight that it did not affect negatively the animals' growth. Corroborating these results, Costa et al 21 did not observe differences in body mass in rats who consumed a diet with 25% of flaxseed from during lactation until 90 days of life. Similar results were found by Cardozo et al 22 at 170 days mass.
With respect to the biochemical analysis, the values of bilirubin and ALP from FG were lower than the other groups; FG reached up to 43% less ALP than the ECG, which suffered liver injury and did not receive flaxseed supplementation. Yang et al, 23 analysing the effect of soya protein on alcoholic liver disease (ALD) in their animals, found no influence of this protein on the values of ALT and AST. These data were similar to those found in this experiment.
Regarding HDL-C values, the groups fed with flaxseed had superior values when compared to others. It is worth noting that this occurs even in the EFG, which received ethanol as the only liquid source, suggesting that this seed kept its ability to increase HDL-C, even in liver injury situations. Similarly, Daleprane et al 24 demonstrated a flaxseed capacity to increase HDL-C up to 47% in healthy animals. Pacheco et al 1 observed this same capacity, but with upper values that reach 53%. Thus in this study the potential of flaxseed for increasing HDL-C of animals of about 43% was consistent with the previous observations. In addition the groups receiving flaxseed supplementation had decreased TGL values. Brant et al, 19 analysing the impact of the flaxseed consumption on metabolic syndrome indicators in Wistar female rats, observed that their group supplemented with flaxseed also showed reduction in TGL values, which match those ones described in this study.
Riediger et al 25 suggested that this reduction in TGL levels by flaxseed is associated with a low ratio of ω6: ω3, which facilitates its anti-inflammatory action.
To document the presence of steatosis, fibrosis, hepatitis, cirrhosis and hepatocarcinogenesis, histopathological analyses were performed. It was observed that the animals subjected to ethanol injury showed large hepatocyte nuclei and pale cytoplasm, with oedematous cytoplasmic appearance, which appeared less intense in EFG, possibly suggesting an effect of flaxseed in prevention of necrosis.
Similarly, Dugani et al 26 evaluated flaxseed effects on gastric lesions induced by ethanol chronic consumption and observed it protected against the development of such lesions, as well as reducing the severity of changes that were already present due to injury. The authors associated these data with the ant-ioxidant potential characteristic of this seed. Fayang et al 27 valuated the hepatoprotective effect of flaxseed on nonalcoholic steatosis and observed a reduction in inflammatory markers used in the experiment. The authors suggest that this may be attributed to a high concentration of its ω3 PUFAs polyunsaturated fatty acids, which would attenuate the inflammation by inactivation of cytokines, reducing the inflamatory cascade. In this study small ethanol doses (10% v/v) were used, sufficient to characterize a chronic alcoholism pattern in adult rats, as it was used for longer than 30 days. High ethanol concentrations (40% v/v) result in steatosis, alcoholic hepatitis, necrosis and fibrosis, characteristics of alcoholic liver disease.
14 Although these lesions are not typically found in low ethanol concentrations, its presence was assessed in this study using histological analyses. Groups that had their diet supplemented with flaxseed had less fatty globules compared to the others, implying that the ability of flaxseed to prevent installation of steatosis can be seen even in liver injury situations; these data are similar to the ones reported by Yang et al 23 who, using soya protein in rats with alcoholic liver disease, noted that soya protein was capable of reducing the incidence of steatosis in animals. This ability of flaxseed ability to reduce the incidence of steatosis can also be explained by its anti-inflammatory potential. The groups receiving flaxseed were had lower IL-6 levels when compared to their respective control groups. A IL-6 is a known established inflammatory marker. According to Keshavarzian et al, 28 the cellular stress caused by ethanol consumption compromises the intestinal barrier, causing bacterial translocation, stimulating the secretion of cytokines and free radicals and resulting in the liver tissue inflammation. This probably explains the high levels of IL-6 in ECG associated with hepatic injury, which was not observed in EFG. These findings support the hypothesis that the anti-inflammatory action of flaxseed has provided protection against iinjury. Almeida et al 29 working with similar diets to the ones used here observed that diets based on flaxseed had up to 89% more ω3, when compared to diets based on casein.
Considering the anti-inflammatory and anti-oxidant potential associated with this fatty acid (ω3), this flaxseed diet may have had similar effects.
To analyse the anti-oxidant potential of diets, superoxide dismutase enzyme (SOD) was quantified. The groups receiving flaxseed supplementation had values statistically (P < 0.000) higher than the other groups, confirming its anti-oxidant potential, even in liver injury situations.
Takenaka et al 17 showed, similar data to this that animals fed with soya protein, also a derived-plant source on protein, had higher anti-oxidant capacity than their respective control groups. They also had lower lipid peroxidation measured by TBARS values in liver tissue.
The TBARS values of the flaxseed groups were numerically higher than the others, but this was only significant when comparing these value to the ones of ECG. According to Kasote et al, 30 the quantification of TBARS values allows evaluating the extent of lipid peroxidation level accelerated by the presence of free radicals. In their experiment, these authors described this seed capacity in preventing lipid peroxidation, when compared to groups that suffered liver injury by consumption of carbon tetrachloride, suggesting that the seed action is still controversial.
| CONCLUSION
The data showed that the indicators of ethanol chronic consumption can be minimized by continuous flaxseed (Linum usitatissinum) intake.
